Following an intensive design, development, and testing effort of almost 3 years, Rovsing with ESA assistance succeeded in the development of a new European high fidelity Solar Array Simulator (SAS) for near Earth and deep space applications. ESA now has a versatile, highly modular and efficient SAS at its disposition that serves at simulating modern high power solar arrays for Earth observation, science or telecom satellites as well as for future deep space missions.
The special features compared to other SAS are:
x Ultra-fast dynamic response performance, the key to high fidelity to SA simulation within the space domain. x I-V curves can be simulated with up to 4096 point resolution. x Store 600 I/V curves in memory and create full life cycle simulations. x Up to 685W of Power from a single module (137V / 5A & 68.5V / 10A). x Class leading energy efficiency from a hybrid design, translating into less heat dissipation and therefore considerable less noise from the SAS rack as a whole. x The smallest form factor available, 2740W from a single 3U high unit, with no need for additional forced cooling devices or empty space sections between stacked sub-racks. x Programmable first level protection (OVP, OCP) .
Since the beginning of 2016 ESA is able to prepare its demanding missions with a flexible and leading edge SAS solution. The SAS is already foreseen to support missions like JUICE, MetOp-SG, ExoMars and the MPCV European Service Module. The paper describes the development logic, challenges and lessons learned as well as the successfully concluded qualification testing phase of the new SAS and gives an outlook on future applications and features that are soon to be added. For now, the [Britton] equations are considered to be the most accurate way to simulate the behaviour of triple junction GaAs cells and are used in the remaining part of this document to supply I/V behaviour.
ROVSING PROFILE AND ORGANIZATION

Dynamic Performance and Response Time
An overall goal for a SAS is to simulate the ESPC 2016 14002 (2017 ) performance of real solar cells as close as possible, both statically (voltage and current levels) and also the dynamic behaviour with respect to output capacitance, response time, etc. Therefore the response time of the SAS Module output has been identified as one of the most important design drivers.
It can be useful to look at where the SAS Module is operating on an I/V curve when specifying the dynamic behaviour. Figure 4 defines three areas of the I/V curve; different types of power conditioning units normally work within only one of the three areas when steady state is reached. Systems based on shunt regulators can behave in a way that covers "Case 2" and "Case 3" when the operating point of one section jumps from Isc to MPP.
Figure 4: Working areas of the I/V curve.
Examples of regulators working in the 3 areas are:
x Series switching devices or DC-DC converters operating in the area of "Case 1". x Shunt regulators in the area of "Case 2". Also in "Case 3" when operating point of a section jumps from Isc to MPP. x Maximum power point trackers in the area of "Case 3". It is in this perspective the requirements of recovery from short-and open-circuit and requirements of response time below 10µs strain the designs of both the overall digital control and the power stage of the SAS Module. Research and detailed design has been the major results of the proof-of-concept activity.
RO-5100 SAS MODULE OVERVIEW
Figure 5: RO-5100 SAS Modules
The Rovsing RO-5000 SAS product range provides the following primary advantages to space customers:
x Ultra-fast dynamic response performance, the key to high fidelity to SA simulation within the space domain. The standard SAS Module (RO-5100) provides output voltage up to 137V covering the full range of spacecraft needs, with custom RO-510x variants available on request for higher voltage levels. The RO-5100 provides high programming accuracy; curves can be simulated with up to 4096 point resolution with up to 600 I/V 2016 14002 (2017 ) curves stored in memory, with switching between curves programmed from 100ms up to approximately 9 hours. The unit provides excellent ripple and noise performance, load switch recovery time of less than 10us and outstanding measurement accuracy. A high fidelity simulation of the actual solar array is provided both statically (voltage and current levels) and also in terms of dynamic behavior with respect to output capacitance and response time. The RO-5100 provides excellent static and dynamic performance across the principle regulation types (series switching, shunt regulation and MPPT), providing the user with the high fidelity required to accurately simulate the behavior of the actual solar throughout its lifecycle.
Each RO-5100 SAS Module is fully self-contained with regards to inputs, outputs and its chassis thus easing configurability and management as units can be slid in and out of the rack without the need for adjusting the rest of the system.
Figure 7: SAS Block Diagram
The unit is designed for high density rack integration achieved via its small size and low power dissipation. Due to this design, the unit possesses no input buttons or keypads at the front, only basic LED indicators. The saved space is utilized by the cooling fan partly responsible for achieving the high density of a 3U high sub rack, housing up to 4x SAS Module. Since the unit does not present a keypad input or an LCD output to the end user, all of its commanding and monitoring is performed remotely through the SCPI interface via standard Ethernet. Hence all SAS Modules are delivered with the standalone "SCPI Client", a simple lightweight JAVA based tool with the following features: Figure 8 : SAS System and its contents.
The following design decisions were made during initial studies and are therefore requirements for the SAS Product Development:
x Each SAS Subrack must hold up to 4 SAS Modules (plugged-in from the front), all cabling being handled on the back. The SAS Modules operate in a stand-alone fashion, i.e. no resources are shared between the SAS Modules. All control and TM communication is handled via Ethernet interfaces. x The Sync signal shown in Figure 8 is used to synchronise all SAS Modules connected together when they are programmed to switch between two or more different output characteristics (to simulate the changes in solar cell output characteristics when the illumination or temperature changes, or in case of a defective solar cell section or similar). If multiple racks are present in the SAS, the sync signal must be distributed to these also. The Sync signal master is determined by cable select. x Safety Link is supported by the SAS Module/s. Safety Link is a concept developed by Rovsing where a safety event can trigger the link causing all connected equipment to power down the output. When the SAS Modules are used in combination with Rovsing's Second Level Protection (or SLP) then a triggering of the Safety Link will instantly galvanically isolate the output towards the S/C. The Safety Link can be extended between multiple SAS Modules and when combined with the Rovsing Measurement Acquisition Simulation Commanding (MASC) it can also be connected to various types of COTS equipment.
SAS Client Software
The objective of the Scenario Editor is to provide the operator with the ability to create complex scenarios with relative ease, and in the process make sure the user retains a full overview. Figure 9 shows the major components of Scenario App Software. 
Shunt Switching Testing:
Battery emulator is configured to the desired open circuit battery voltage (by means of power supply) and current sinking capability (by means of fixed resistive load). S3R emulator includes a heavy duty MOSFET controlled by an arbitrary waveform generator (AWG).
Example of actual performance in shunt switching, configuration shown in title:
Series Switching Testing:
The output is switched by a P-channel MOSFET driven by an OP-Amp with 200V common mode range, connected to the positive output of the SAS Module.
Example of actual performance in series switching, configuration shown in title:
MPPT Testing:
Electronic load is sweeping repeatedly between Vmin and Vmax triangular wave shape 50% duty cycle at noted frequency. (I.e. dV/dt = (Vmax-Vmin)*2*freq).
Example of actual performance during MPPT, configuration shown in title: On the basis of the above 236 (plus optional 420) SAS Modules for the period 2015 -2018 (options until 2020), the commercial "success" is already there and confirms the order of magnitude derived from the above market assessment. 
